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ABSTRACT

This paper describes the formation of a dictionary list structure
which can be used by an English language translator to enable matural
language man-machine conversation directed towards the retrieval of
information from a data bank. The hierarchical structure of the let-
ters in a word and the placement of word attributes in this structure
is discussed.

A computer program, which acuepts as input an English language
sentence and processes this sentence in conjunction with the dictionary
113£ structure to obtain the attributes of thg individual words, is
described. The incorporation of this dictionary structure into a
complete natural language information retrieval system is also

discussed.
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LIST OF DEFINITIONS

1. Record (Logical Record) - A collection of related di.ta elements
treated as a unit. (E.g., the topic name and its numeric code word).

2. Flle - A collection of related records treated as a unit.

3. Information Retrieval System - A process developed to recover
specific information from a data bank. .

4. Key-Searches ~ Searches conducted to retrieve information in

accordance with a specific data input parameter {or set of parameters)
called a key.

5. Pointer ~ A numeric value used to specify an address in core

6. Null Pointer - A special pointer value that cannot relate to any
address in storage (represented by NIL orA).

7. Node - One or more consecutive bytes of core storage divided into .
parts called fields. (synonym ~- cell)

8. Tree - A finite set of one or more nodes such that there is one |
specially designated node called the root of the tree and the remaining |
nodes are partitiomed into disjoint sets of trees which are called :
gubtrees of the original tree.

3
9. Binary T:iee ~ A tree structure where each node has at most two |
subtrees, When there is only one subtree present, a distinction is
made between whether it is a left subtree or a right subtree.

10. Hash Coding - A method of effecting random storage where a transw
formation 18 performed on & key (in this case the topic name) to
produce an address in the table which can be used to locate a position
for placing the key and .cs associated item. ,
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" holdings by either of two methods. First, the user can search through

I. INTRODUCTION

The Technical Reports Section at the Naval Postgraduate School

Library currently offers its users access to those reports in its

the card index to obtain the report number of the item desired, or,
second, he'can conduct a computerized 1library search to obtain a bib-
liography of tﬁose reports in the holdings which pertain to the sub~
Ject area of interest. .

This library search is conduﬁted by entering a numeric code werd
into an information retrieval system which will then use this code

vord as a key to search for and retrieve a bibliographical listing

of those reports which pertain to the entered codeé word. Any number
of code words can be coubined, and the items on the bibliography re-
trieved for the user will have all of the code words within their list
of keys. At present the Technigal Reports Section has about 100,000
bibliographical items in its file, and these items can be accessed

by over 10,000 different code words.

Although a library search is faster and easier fof‘the user, es-
pecially when only a general topic area is desired, it does hav; a |
nunber of shortcomings. First, there 1s a nominal delay between the
request for the search and the obtaining of the bibliography resulting
from thatsearch. Second, the user does not know at the time of his
request whether or not ' s toplc area is too broad or too narrow to
obtain a reasonable bibliography. Third, the user presently has to
personally search through a book of topic areas to obtain the numberic

code words required for the information retrieval system.

9 Precedihg page blank




yihia report ig the result of a project to develop a flexible and
accer3ible information system for the specific objective 6f retrieving
a bibliography of the reports held by the Technical Repcrts Section
of the Naval Postgraduate School Library. The proposed system would
be implemented on the school's IBM 360/67 computer and would upilize
the time-sharing capability of that system.

The system as conceiveq would be similar to the REAL ENGLISH system
at the>University of Pennsyivania [ 1]. It would consist of an |
English language translation capability which would be nused to pre-
process the user's English language request, which pas been entered
at thg time-sharing terminal, to determine the specific item(s) des'red.
Then the numeric code associated with each item would be retrieved from
a table and enfered into the existing information retrieval system.

The number of items in the bibliographical file which met the criterioﬁ
of the code word(s) would be printed out at the ﬁerminal, and the user
coﬁIB then specify whether or not there was a sufficient number of
bibliographical items for his use. If the number of items were not
sufficient or overly abundant, the user could re-initiate his request
in either a broader topic area or a moré restricted area to obtain

the desired number of items in the bibliography. If the number of
bibliographical items waﬁ sufficient, the user could specify that the
bibliography was tu be printed out at the terminai or at the offline
printer at.the computer installation. A generalized block diagram

of the proposed system is shown in figure 1, page 1l.

The remainder of this report has been written in two parts. The
first part describes the formation of a dictionary structure required

for the English language translation, the processing of the user's

10
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THE TIME-SHARING TERMINAL
i

¥

ENGLISH LANCUAGE REQUEST IS
SYNTACTICALLY AND SEMANTICALLY
INTERPRETED TO ARRIVE AT THE
DESIRED ITEM(S) OF THE REQUEST

A
ARE THERE ANY AMBIGUITIES |> YES

RE-INITIATE
THE REQUEST

A
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NUMERIC CODE WORD(S) ASSOCIATED
WITH EACH ITEM ARE OBTAINED
FROM A TABLE

h 4
HAS A NUMERIC CODE BEEN NO

FOUND FOR EACH ITEM?
YES

i J
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INFORMATION RETRIEVAL SYSTEM
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OF BIBLIOGRAPHICAL ITEMS NO
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BIBLIOGRAPHY
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THE SYSTEM

FIGURE 1. System Block Diagram
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request to obtain from the dicrionary the attributes of the individual
words, and the retrieval of the numerié codes from the tabie of code

words. The second part consists of illustrative examples of the

system.

The syntactic and semantic interpretation of the attributes of
the request and the actuval implementétion with the existing informa-
_tion retr}e§al system are left for further sﬁudy. Some work in the
area of s, tactic and semantic interpretation has been done by Cautin
{1,2] an ’Kellog [5,8] which might %e of value for anyone who desires

to zonduct further wo*k on this system.

i
i
!
|
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I1. SYSTEM DESIGN

At this stage in the development of the system, there are three
main computer programs or subroutines. The primary program, LIB-SER,
vhich is mainly concerned with performing operations on lists, was
v;itten in PL/Z (7,8,9] to take advantége of the list processing and
/;ecursive capabilities of tﬁat language. Also; PL/I was chosen
instead of a list processing language, such as LISP 1.5, because of
thé availasility of PL/I at the Naval Postgraduate School computer
installation.

The TABLE prograﬁ, which is also in PL/I, was written exclusively
for use as a calling program for the construction and maintenance of
the numeric codes table. PL/I was chosen for this routine mainly
because of its character manipul#tion capabilities. '

The final program, HASHX, is a subroutine written in IBM 360/67
Asgsembly language [10,11) and is called into operation by both the
LIB-SER and TABLE.programs. Asgembly language was chosen since it
allows a closer con:rol over the representation and location of data
while in computer core storage. This close control is necessary
since BASHX is used to move the core character representations of the

topic names and their numeric codes from one position to another in

t

core storage.

A. LIB-SER PROGRAM
' The LIB-SER program is the main program utilized by the proposed
library search system. It is utilized to build lists, add items to

lists, delete items from lists, and search for items on the lists

13
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maintained during the operation of the proposed system. The lists
of prime importance are ATOMLIST, the dictionary list (L1), the user's
request list (L2), and the multiple definitions list (L3).

1. List Structure in the Program

A list structure was used in this program since a hiergrgh;cg}
structure was desirea for the dictionary list. This hierarchical
structure is used to simplify the search through the dictionary for
the attributes of the words in the user's request. The inputs to the
program, the dictionary file and the user's request, are built into
a sys;em of connected lists where these lists také on a form similar
to the program and data stricture utilized in the list processing
language L;SP 1.5 [12].

In LISP 1.5,.program and data are represented in ﬁhe form of
symbolic expressiocuns or S-expreasions where these S-expressions are
of indefinite length and have a branching binary treé structure which
allows the identification and isélétion of sub-expressions or sub-
trees within the basic structure. The S-expressions are graphically

represented in this binary tree structure, as shown in figure 2 on

pagé 15, as a sequency of nodes or cells, each of which has two fields.

It

When using the dotted pair notation in LISP 1.5, both of the fields can

be used to contain a pointef to another node or cell or they can be
used to coatain a character string. In an alternative notation, list
notation, the left field is the only field which can be used to contain
a character string or pointer. The right field contains a pointer

to the next node in the txee or a spécial pointer, ﬁIL, which 1s used

as a terminator of the list.

14
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()
dotted pair notation 1ist notation

" . FIGURE 2. Graphical Structure of LISP 1.5 Lists

(.
* f ol
The 1ist structpfe used in this program is a modified version

of the list notation used in LISP 1.5. This modification was required
by thekﬁse of PL/I as the programming language and tWe requirement of
this 1angua§e that the contents of the fields in a céll be explicitiy
declared. Thus, n§ one field can be used to containjboth a pointer
and a character string during a program execution. ihis required that
V the character strings ber placed in a type of cell, cﬁled ATOMCELL in

|
this program, defined separately from the connectivejcells, called

CONCELL, used to reﬁre?ent the tree stfucture. It aiso required, as

shown in figure 3 on pgge 16, that each of the charaéter strings which
|

is placed in an ATOMCELL to have associated with it éwo CONCELLS.

The upper CONCELL 1is used to connect the character séring to other

|
character strings at the same level in the subtree. The lower CONCELL

18 used to contaia a pointer to the character stringjcontained in the
ATOMCELL and serve as an attachment point for any subtrees of that

character string. : |
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Since there are two CONCELLS associated with each character
string, a method of determining whgther or not the left field of the
CONCELL pointed to an ATOMCELL or to another CONCELL in the list was
iequired. This was accomplished by the addition of a third field to
the CONCELL type of cell. A fourth field was added to indicate the

depth of the occurrence of the cell in the list structure and is

utilized during the construction of the trees.

00 |o]g|A

e

o
=

o

o
I

00 |1y +—3 o0 [1]11A]
f_/

o1 l1lgIA or j1lz2IA

(ACBC) )
FIGURE 3. Graphical Structure of the Lists Used.l

a. ATOMLIST List
The ATOMLIST list is used to store fhe alphabetic; numeric,
and special characters which are required by the prbg;am to be retained
in their symbolic form during the operation of the program. It conm
sists Qf a serles of connected cells called ATOMCELLé, shown in figure

4 on page 17, which have three fields. Each new cell added to the list

is connected to the first cell on the list,

1All of the circled character strings are included in the ATOMLIST
list and only conceptually displayed here. The A or X used in the
CDRF field is used to indicate the NULL pointer.

16
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The three fields are the SIZE field, which containg the

number of characters of thé item represented in the cell, the PNAME

field, which contains the character representation of the item, and
the NEXT field, which contains a pointer to the next ATOMCELL on the

1list. - %

SIZE

NEXT
PNAME

FIGURE 4. Structure of an ATOMCELL '

Each of these ATOMCELLs is placed on this list as Ehe
characters they contain are encoumtered during the operation of the
program, with the majority of them being attached to fhe 1list during
the initialization phase of‘the dictionary. Each item is included
in this list only once since a search of the list (procedure LOOKUP)
is conducted every time an item is encountered to dete;mine if an
ATOMCELL has or has not already been_included in the list which con-
tains the character(s) of the item. No ATOMCELLs are deleted from
fhia 1ist during the operation of the program. '

All referrals to the character representation of any item
‘on the ATOMLIST is by the polnter to the eatire ATONCELL. This pointer
will be the same as that contained in the NEXT field ﬁf the ATOMCELL
immediately prior to the ATOMCELL containing the desired cﬁaracters,
if onme exists, or else it will be the pointer ATOMLIST since the charac-
ters would then have to be contained in the first ATOMCELL on the list.

A diagram of the ATOMLIST is shown below in figure 5.

17




ATOMLIST

I

1 1 5 4
St ———d L - A
* A VERBP MING

FIGURE 5. Diagram of the ATOMLIST

b. Connective Lists
All of the remaining lists built and used by the prégram
are used tolconnect the character representations in the ATOMLIST
.1n various fashions. These lists consist of a scries of CONCELLS
vhich have four fields, an ATOMB field, a LEVEL field, and two pointer

fields, CARF and CDRF. The structure of the CONCELL is shown in figure 6.

ATOMB | LEVEL CARF CDRF

FIGURE 6. Structure of a CONCELL

The ATOMB field is used to indicate the purpose of the
CONCELL. It is a two bit field which can contain one of three binary
values, 00, 01, or 11. The 00 value indicates that the CONCELL is
being used as a connective cell where bgth the CARF and the CDRF fields
contain pointers to other CONCELLs, with the exceptionm that the CDRF
field may contain a null pointer. All items in the same subtree at
any particular level will be connected by the CDRF field of a CONCELL
with a 00 ATOMB field.

The 01 value indicates that the CARF field contains a
pointer to an ATOMCELL. 'The CDRF field may contain a pointer to an-
other CONCELL with a 00 ATOMB field which is at the next level down

in the tree, or else contain a null pointer. The 11 value, wﬁich can

18



only be placed in the ATOMB field during the initialization phase of
the dictionary 1ist, indicates that the CARF field contains a pointer
to an ATOMCELL which contains the name of a multiple‘definition or an
attribute name. The CDRF field always contains a null pointer,

A sample connective list is shown below in figure 7.

-

ERnE @ Jo [y

[or Jo|sie o1 o |tIA

‘FIGURE 7. A Comnected List

The LEVEL field contains a numeric indication as to the
level in the tree structure of tﬁe particular cell.' For CONCELLs that
are contained in the multiple definitionsllist, the value contained
in the LEVEL field is not changed when that definition is included
at other places in the structure of the dictionary;

The use of the multiple definitions will be explained
later during the discussion of the initialization of the dictionary;

2. File Descriptioné

Two files are used by the program during the initial%za£ion
phase to enter data into the program, the Dictionary file and the Codes
file. Both files are read-only files when used by the LIB-SER program.

a. Description of the Dictionary File

19
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(1) Convention and Special Characters. With the excep-

tion of the attribute names and the names of the multiple definitions
sequences, all items in the dictionary are single characters. Spaces
or blanks are used only to improve the readability or to separate items
in the dictionary. The attribute names'and the multiple definition
names must be at least two characters in leggth and_thé mult;ple de~
finition names start with the letter M. ‘

There are eight characters used in this file which
have special significance during the 6peration of the program. These
characters are the right and left parentheses, the'greater-than symbol
()>), the less-than symbol ({ ), the dollar sign ($), the minus sign

(—),‘the asterisk (*), and the slash(/).

The six characters, right and left parentheses,
greater~than symbol, 1ess~thén symbol, the dollar sign, and the slash,
are used during the building of the list structure to determine the
proper connections which have to be made. The left parenthesis is
used fo indicate the beginning of the dictionary file. The right paren-
thesis is used to l;dicate the end of the dictionmary file. The dollar
sign is.used to terminate the processing of the current input. The
less—~than symbol ié used to indicate that the items that follow are
to be attached to the preceding character at the next lower level in
the tree structure. The greater-than symbol is used to indicate that
items at the current level in the subtree have been processed and that
the following items are not to be sttached at that level but at the
next higher in the tree strucﬁure. The sla@h is used to indicate that
the next item is the name of a Qultiple definition and that the.p:e—

wiously formed subtree, which is attached to that multiple definition

20




n.ae, is to be inserted at this point in the current subtree.

The two characters, the minus sign and the asterisk,

are used during the attribute determination phase to indicate special

conditions or operations. The minus sign is used to indicate that the

» following attribute is not to be retained for the word thus formed.

This attribute may or may not have been retrieved for the word under
consideration. The asterisk is used to indicate that a complete word
has been placed in the tree structure to that point in the tree. It
i8 also used as the attachment point for any remaining attributes of

the word that it terminates.

i

(2) File Description. The Dictionary File consists of

a sequence cf characters contained in a series of sixty-cheracter
records. The file begins with the left parenthesis and ends with a
right parenthesis and a dollar sign in the laet record. The first
character in the sequence after the left parenthesis is the symbol
one (1) which 1s used as an attechment point for all of the multiple
definitions. The remaining characters are placed into the file such

that the tree structure which is built from this file will contain

" all of the words emtered into the dictionary of the program.

At the zerc level in the dictionary tree, the twenty-
six letters of the Latin alphabet are attached to the preceding
character in descending order according to their probability of occuzrance
in the English language [13]. These letters are used as the first
character of all words in the dictionary. Each of the remaining letters
in a word is preceded by the less-than symbol to indicate that they are
to be attached to the previous letter in the word at the next lower

level in the subtree.

21
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Where there are attributes that are common to & number
of words with simflar beginnings, those attributes can be‘included in
the sequence immedfiately prior to the béginning of the dissimilarity.
Wherever a complete word has been represented, an asterisk is included
in the sequence following the last letter of the word. When a word
being described has a cémmon ending, such a; the plural endings ES
and §, the multiple definition name for that ending is piaced in the
sequence immediately folldwing the slash symbol, and this multiple
definition name is used to complete the word. Figure 8 1llustrates

the use of the multiple definition name in the sequence.

SCOQKESH ADVBP ) ECNKD {VERBP * /MING)))

FIGURE 8. Sample Dictionary Record

b. Codes File.

The codes file consists of a series of sixty-character
records of wbich only the first twenty characters #re utilized. Each
record consists of the topic name.beginning in the first character posi-
tion and foilowed by thé five number numeric code word in the last
five character positions with blanks in between. The records are ar-
ranged in the file according to tﬁe hash coded index of each item that
i8 determined during the operation of the TABLE program and its call
to the subroutine RASHX .

3. Initialization.

The program has an initialization phase in which the dictionmary

file is read and structured into the tree and subtrees required for
later use in the determination of the attributes of a user's request.

After the dictonary has been structured, the table file is read into

22




an array for use during the search for the numczic code words required
for the information retrieval system.
a. The Dictionary Tree Structu*e.
The dictionary tree structure is a connective list which
has pointers in the CARF field of the appropriate CONCEii to point
to the required symbolic data in the ATOMLIéT. It is formed by first
constructing the mulﬁiple definitions subtree and then constructing
the remaining subtrees, all of which start with the letters of the
balphabet and some puﬁctuation characte;s.‘ All of the subtrees are
. constructed independently by the recursiveness of the structuring
procedure (S_EXPR) until the last subtree has Leen structured at yhich
time the subtrees are conmnected to form the dictionary tree. The
recursive construction of the tree is 1llustrated in figure 9 on page 24.
Although the multiple definitions subtreé i1s constructed
in the same manner as all of the other subtrees in the dictionary,
there is a special pointer (L3) which is assigned to point to this
subtree during the iﬁitialization. This sssignment occurs immediately
upon completion of the structuring of the subtree and before the next
subtree is started. This pointer is required during the struc;uring
of the remaining subtrees as a beginning pointer for the procedure
(LOOKLIST) when a search for a multiple definition used in the other
subtrees 13 required. The multiple definitions subtree cannot be re-
cursively defined (i.e., a multiple definition which uses another mul-
tiple definiticn as one of its endings) since the speciai pointer 1is
not assigned until the completion of the enfire structuringbof the
subtree. '
During the construction of the remaining subtrees, the

multiple definitions are used whenever a slash'is encountered during

23
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FIGURE 9. Recursive Structure of Connected Lists
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the scanning of the input symbols. When this occurs, the procedure
LOOKLIST is invoked to determine the pointer to the subtree required
at this point for the completion of tﬂe wvord being entered into the
dictionary. The program allows more than one multiple definition to
be used as an ending of a word with the stipulations that none of the
multiple definition subtrees can begin with the same letter nor can
the multiple definitions subtrees begin with the same letter as is
already 1néluded in the subtree of the word at that level. The use
of the multiple definition is illustrated in figure 10 on pages 26
and 27.
b. The Table Array

The table file is copiled directly into the array area,
CODE. No processing occurs with the items in the file during the
iﬁitialization phase of the program. Currently, there is a logical
switch (true or false) which has been turned off (false) to prevent
the table file from being read into the CODE array. When fufther
implementation of the proposed library segrcﬁ system has been accom-
plished, this switch can be turned on to allow tﬁe initialization of
the table array for use in the table search procedure.

4. Processing of a Request

After the initialization phase has been completed, the computer

will loop through the remaining parts of the program until the string
STOP$ 1s entered at the terminal by the operator.
a. Entry of a Request
The user is requested by the program to enter his name
and student box number (or other appropriate school mail box) to be

used for identif{ication purposes. The user is then asked to enter
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his English language request surrounded by right and left parentheses
and ending with a dollar sign. If the request is too long to be en-

tered at one time, the right parenthesis and dollar sign can be left

off until the entire request has been entered.

- .The request entered will be built into a tree (L2) in the
same manner as the dictionary tree where all of the words and punctua~-
tion are entered as single item. Figure‘ll is an example of a typical

user's request tree.

bal dIr—nololy - oc:I}Irl E, 'Ofl(@’l._ﬁv/h

Adihl  kaldih 4] P (N laaldiA A
(wiar ) (oo ) YOU BAVE ) ( on ) @omu*rz@ ?

FIGURE 11. Sample User's Request

This tree structure will then be passed to the attribute determinatioﬁ
routine for processing. '
b. Determination of the Attributes
In the procedure ATTﬁB, each word in the user's request
is separated into its‘constitutent letters and these letters are passed

one at a time to the LOOKLIST procedure. The ATTRB procedure will also

pass to the LOOKLIST procedure the subtree, or tree if the letter is

the first letter of the word, on which the LOOKLIST procedure ié to

search for the letter.

In the LOOKLIST procedure, each letter is searched for only

in the highest level of the subtree passed to it. Any attributes which

are encountcred before the letter is found will be attached.to a tem—-

porary pointer (L3) for later combination with the final attributes.
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When the letter has been fbund,'the pointer contained in the CDRF {ield
of the CONCﬁLL which points to the ATOMCELL containing the letter is
returned to the ATTRB procedure. This pointer will be used by the
ATTRB procedure as the pointer to the subtree used during the next

call to LOOKLIST.

This searching will continue unéil all of the letters of
the word have been found. After the last letter ﬁas been processed,
the ATTRB procedure will pass to the LOOKLIST procedure an asterisk
and the latest subtree. The pointer (Q) returned from this call will
point to the list of final attributes of the word, if any.

At this point, both the temporary'attribute list aﬁd fhe +
final attribute list will be passed to the DELETE procedure for the |
deletion of apy attributes in the temﬁorary list which are indicated
as not applying to the word by the prefixed minus sign on the attribute.

The before and after structure of the temporary and final attribute

1lists are illustrated in figure 12.
13

i
(2) | | , ~ (b)
Before Deletion After Deletion

FIGURE 12. Temporary and Final Attribute Lists
The temporary list and the final 1list will be connected after this
deletion has taken place, and the resﬁlting 1list will be attached to

the word on the user's request list (L2) as shown in figure 13.
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FIGURE 13. User's Request with Attributes Attached

As the processing of each word has been accomplished, a
message is displayed at the terminal to the effect that the attributes

have been found. If during the search for the letter of a word by the !

LOOKLIST procedure, that letter is not found, a null pointer is returned
to the ATTRB procedure, This null pointer will result in the ATTRB
procedure displaying a message at the terminal that the attributes of
the word have not been found, and then the procedure will begin to

process the next word in the request.

After all of the words have been processed, the computer
prints out the user’s list which now includes the attributes of the
individual words. The computer then branches back to the beginning :

and requests a new user to enter his name and box number.

B. TABLE PRQGRAM

Since the TABLE procedure in the main program, LIB-SER, was written
to allow only the retrieval of the numeric code words from the CODE
array, the auxiliary progran, TABLE, was written. The TABLE program
allows the entry of an item, the deletion of an iten, and the retrieval

of information contained in an item in the CODE array.
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The TABLE program first initializes the CODElarray by copying
~directly into the array the individual records in the CODﬁS file.
The records are truncated after the twentieth character. Once in the
array, the program calls the subroutine HASHX with various parameters
to perform the functions of retrieval, deletion, or storage of an
item in the array. When the required modifi;ations to the array have
been accomplished, the CODE array is copies back into the CODES file
with each item being padded with blanks on the right to fili out each
record.

Although the TABLE program was written to be operated from the
time-sharing terminal, with slight modifications it could be run under
the batéh processor at the computer installation. This might be de~

sirable if the number of modifications is substantial.

C;, HASHX SUBROUTINE

The HASHX subroutine, which 1s used to c&mphte the address of a
location in a table or array and either return the contents of that
location or place an item in that location, is baséd on the work done
in scatter storage techniques by W. D.IHAURER [14]. The method used
here is referred to as a "division hash code" to distinguish it from
the logical or multiplicative methods most often used in scatter
sforage systems [15]. | |

ﬁasﬁ coding techniques can be applied to.any table or array in
which the access is .o be made td the entries in an unpredictable
order and the items are identified by some key or name associated with

their contents. In the hash coding technique, a transformation is

performed on the key to produce an address in the table where the key
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and the entry associated with that key can be placed. A good trans-
formation is one which will distributé these addresses uniformly
across the available table area. |

In most hash coding techniques, the table size is restricted to
being a power of two, since the common method of obtaining the address
ig to calculate a k-bit field which is assumed to be a random integer
between zero and Zk-l, and this integer ié then used as the addresé.‘
In the hethbd proposed by MAURER and used in this subroutine, the
table size is a prime number, and therefore it can be almost any‘size

desired.

1. Determination of the Hash Code

The hash coding method used here consists of using the first
eight characters of the topic name as the key. The first four charac- -
ters are exclusively OR;ed with the last four characters to cbtain one
full ;omputer word (32 bite on the IBM 360/67 computer), and this
computer word is divided, using integer arithmetic, by the table size.
The remainder from this division, which is a number between zero and
one-legs-than-the-table-gsize, is used as the‘hash code.

This method of calculating the hash code is. comparable in speed
to the multiplicative and logical methods with the advantage that is
almost completely free of the nonrandomness which‘often occurs in the
other methods.

In using this method of hash coding, a change in the table
size will chang~ all of the hash codes for the table entries. If the
table size has to be changed, all of the hash codes for the entries
must be reéomppted. By using a prime number which is twenty-five

percent larger than the maximum number of expected entries for the
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table, the average number of steps iequired to find an item in the
table is less than two, i.e., the original hash code address and

one collision modification.

2, Collision Handling

In this method, as in all other hash coding methods, when two
keys h#ve the same hash code; a "collision" is said to have occurred.
When a collision occufs, the item causing the collision must be located
6ut of place in the table.

There are a number of methods for determining a location for
this item, such as searching linearly forward in the table. Another
approach is to add a random number to the collision hash code to de-
termine a new location. Noither of these methods 1s very satisfactéry
since they are intrinsi:ally slow if there is any sort of clustering
of the items in the table (many items with the same hash code place
next to each other). |

. The method of handling éollisions used in this subroutine is
the "quadratic search”. 1In this method, a quadratic equation is used
to calculate the new location. The hash code which caused the colli-
sion 1s used as the constant term in the equation and the other coef-
ficients depend upon the table size. The quadratic search was shown
by MAURER to always search for the item or an eﬁpty location by looking
at exactly half of the remaining table locations if the table size is
a prime number. In using this method of handling collisions, the table
is declared full when the quadratic search has searched through half

of the table.
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I1I. AN EXAMPLE

To demonstrate the operation of the LIB-SER program, only a repre-
sentative dictionary is utilized. For a total implementation of this
system, the dictionary would have to be greatly expanded. ‘The‘dictionary
used for this demonstration contains seventy words.

The program is loaded for operation at the time-sharing terminal
by entering LDRM. LDRM is a time-sharing executive file which causes
the program and the sﬁstem library to be loaded into the computér and
starts the execution of the program. If a non-blank character had
been enteréd after LDRM, the program would'request'the operator to
enter optional parameters for use by the program. These parameters are
logical switches which can be used to display traces through the program
or selectively enable/disable the various routines in the program.

After execution has begun, and any optional parameters entered,
the program initializes the dictionary tree structurs. The computer
will then ask a user to enter his request, which will then be processed
to obtain the artributes of the individual words. Figure 15 illustrates
a complete run for an individual user. |

The difference between the attributes for a word which has been
processed with the DELETE procedure disabled and the same word when it
has been enabled is 1llustrated below in figure 14.

The computer will then loop back to ask a new user to enter

his request. The program can be stopped by entering STOPS.

(INFORM{NOUNI' -NOUNP VERBP) ) (INFORM(VERBE) )
(a) )
DELTE DISABLED DELETE ENABLED

FIGURE 14. Effects of DELETE Routine
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ENTER NAME AND SMC NUMBER
_c.t. schmidt box 1962

ENTER REQUEST, SURROUND WITH ( )$
_(what do you have on computers?)$
WHAT

Do

YOU

HAVE

ON

COMPUTERS

?

RRARRRARARA KA AKX KRR RAK K KR E KX AR

C.T. SCHMIDT BOX 1962
RAERRRXRRERRIREREERRATRR Rk ARk

ATTRIBUTES FOUND FOR  WHAT

. ATTRIBUTES FOUND FOR DO
ATTRIBUTES FOUND FOR YOQU
ATTRIBUTES FOUND FOR  HAVE

. ATTRIBUTES FOUND FOR ON
ATTRIBUTES FOUND FOR  COMPUTERS
ATTRIBUTES FOUND FOR ?

(WHATCINTER ADVBPY DOVERBP) YOUCPRNOUNP? HAVE{VERBP PRN3SG)
ONCPREPP? COMPUTERS (NOUNP PLURY ?{PUNTI))

** AT THIS POINT YOUR REQUEST WOULD BE PASSED TO THE
TRANSLATION AND TABLE SEARCH ROUTINES. **

FIGURE 15. Sample Program
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IV. CONCLUDING REMARKS

This paper has discussed a dictionary list structure which could
be used by an English Language translator to enable natural language
man-machine ccrversation directed towards the retrieval of information

from a data bank. The development of the English Language translator

utilizing this dictionary structure and the inclusion of this translator

into the existing information retrieval system used by the Technical
Reports Section at the Naval Postgraduate School Library would provide
the aschool a flexible and accessible information system for use in
obtainiﬁg a bibliography of the reports held by the library.

A translation procedure which is based on a generative model of
syntgx'and semantics that is comﬁrehensive enough to automatically
resolve some forms of syntactic and semantic ambiguities would be re-
quired for thi? system. The translator would have to be able to
syntactically parse the user's request, using the attributes determined
from a dictionary structure such as described in this paper, and>then
use this parse in conjunction with the semantic environment of the
system to determine the topic areas of interest from the user's request.
In the accomplishment of this goal, it should have some means of com-b
munication with the user to regolve any ambiguities which it is not
otherwise able to resclve. Once the toplic areas of interest have been
determined, the system can réadily produce the numeric code words
required to obtain a bibliography from the existing Zaformation

retrieval éystem.
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*% . ok
*x LIBRARY SFARCH SYSTEM ok
ke . *%
*% LIR_SER PROGRAM 3.
g %

2k e ook ok ok ok e ok ok o e ok e ol o vk ok ok o ok ok ok ok sk ek sk e e ok ok ok e o e o ok ok ok o e o okl ok
A ok o e ol o ok ook ok ki ok o ok o ok ok e e ok Kok kkdk kiR ok ook ok ok ek Rk ok ok /

SER: PROC (PARMS) APTINNS(MAIN}

DTL CODES FILE STREAM ENVIRONMENT (F(R0O)),

DICT FILE STREAM ENVIRONMENT (F({80)):

DCL PARMS CHAR(B)VA96CODE(112 CHAR (20) ¢

DCL (ATOMLIST4P,NIL)I®TR,FSTIZE FIXED RIN, .
/e sk ok ke 2 o o s ol o ole sk e ok ok ok s sfe ok e ol s o ok ofe ok o ook e ok e o e ok ik o ok ok e ok ok o ke e ok
* DECLARATION Nr THE FIELDS OF THE CELLS ON *
* HE 'ATOMLIST' LIST, *

T
st o o o e 3 e o ale e ok o e ok ok sk ke sk o e e sk e o sk o s sk ofe e o o e s e sk o o ok ok o ok ke ok e ok /

1 ATOMCELL BASED(P),
2 SIZE FIXED AIN,
2 NEXT PT

.2 PNAME CHAR(CSIZE REFER(SIZE)),

O N
* DECLARATIHN NF THE FIELDS OF THE CELLS ON *
* Ltly L2, AND L3 LTISTS *

A 3 o 3 ok o o e 3 o dk rokok *****#*********#********************I
1 CONCELL BASEN(P),
2 ATOMR BIT(2)
2 LEVEL FIXED BIN,
3 CAFFE PTR.
2 CORF PTR:
J %3k ek g o e de e o ok s ok o e o a3k e o e ke e ofe ke ofe o ofe ke o gk ole ol e ok sk e ok s ol ale ole e ok o ol ol ok
* DECLARATION NF A ETLE CONTROL RLACK USED *
* DUR ING THE READING AND WRITING NF THE *
* FILES USEN,
*****##*#**#**#***##****#******#***************#**I
DCL 1 FCR STATIC,
2 COMMAND CHAZ(8),
5 FILENAME CHAR(R] INIT('DICT'),
2 FILETYPE CHAR(R] INIT('DATAY),
2 CARDNUM FIXED RIN,
2 STATUS FIXED RIN INIT(O),
2 CARD_BUFF CHAR(R20):
J % Je e ok o e ok ok ofi e b ofe e ofe o ok o o e o o e e ol sk o o e e o o sde ol e ok o ook o ok sde ok ok e e sk e ok ke
* PROCEDUFE WHICH TS USER TN INTTIALTZE THE *
* DICTIONARY AMD THE TARLE ARRAY *
AR AR ok R R KRR KRR KRR R koK AR kR kR kR koK ok ke f
DCL INIT EMTPY:
INIT: PROC:
DCL T FIXED RIN:
ATOMLIST,NTL=NULL?
FLD = v1'@:
COMMAND = SBPRUE TS
DISPLAY(*INTTIALIZING FROM FILE'):
L1 = READS:
COMMAND = SETNTS?:
CALL THEFYLE(FCR)
FLD = '0'R3;
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INPUT(BUFF): END:

BP,1)-=' * THEN B=BP: END:

f-1 THEN RETUBN(T):

£ T =t t g (T =t=1 | T >=1A7)):
URSTRTAUFF ,AP 1) END:
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* THE INPUT POINTEPS AND THE #
* ENT LEVEL,

#**#********#***#*****#*#*t********************t**/

DCL CONS ENTRY(PTR,PTR) RETURNS(PTR):
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CrlD 3% O21
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CONS: PROC(A,R) PTR:
DCL (A,B)BTR: o
ALCOCATE CONCELL SET(P):
ATOMB =008 3
LEVEL = LEV:
CARF=A:
CDRFE=R?
RETURN(P) 3
END CONS:
773 3k Sk 2 3k oke ok 3k e sk sfe ok ok o 3k ok ok e ke e ok ok e ok ke e ke o e e e sk ok sfesde ok o e ofe ool ok 3K ol e ool ke ok o
* PROCEDURE WHICH RETUPNS THE POINTER *
* CONTAINED IN THE CARF FIELD OF THE *
% SPECIFIED CELL.
********************#***#*************************/
DCL CAR ENTRY(PTR) PETURNS(PTR):
CAR: PROC(A) PTR:
DCL A PTR:
1F A=NTL THEN RETURN(NIL):
1F A->ATOMB THEN RETURN(NIL):
RETURN(A=SCARF) 3
END CAR: ,
7% ok ke ok sk 3 ok ok sk o she o ole s ofe o e sk e o s e e ke ek ok sk sk ol o S s e ok ok sk oz e e ade o o o ok ok e ofe ke
PROCEDURS WHICH RETURNS THE PCINTER *
* CONTAINED IN THE CORF FIELD OF THE x
SPECIFIED CELL,
*#***********************#************************/
DCL CDR ENTRY(PTR) RETURNS(PTR):
CDR: PROC(A) PTR:
DCL A PTR:
TF A=NTL THEN RETURN(NIL):
RETURN ( A=DCOPF) 3 :
END COR 3
I**********#********#***********************#******
* PROCEDURE WHICH RETURNS THE PCINTER
* CONTAINED IN THE CARF FIELD OF THE CFLL x
* POINTED TO BY THE CARF FIELD OF THE *
* SPECIFIED CELL,
,********************************************#*#***I
DCL CAAR ENTRY(PTR) RETURNS(PTR):
CAAR: PROC(A) PTR:
DCL A PTR:
IF A = NIL THEN RETURN(NIL):
A = A->CARF: |
RETURN(A=>CARF)
END CAAR:
F 3% sk dz ok ol ok sk o vk o sk o o ok ok ok ok e sk 2 o ol e sl e ool ok o e sk sk die koo e e ok sl e ok e o ok ok ****
* PROCEDURE WHICH WYLL PRINT OUT ALL NF THE %
* INDIVIDUAL CHARACTERS ON THE LIST SPECIFIep, *
e ol ol o e o o o o o ok ok ok ********************************T***/
DCL PRINT ENTRY(PTR} ¢
PRINT: PROC(A) RECURSIVE:
DCL A PTR:
TE A~=NIL THEN
IF_A->ATOMB THEN CALL OUTPUT (SYMROL(A) 12
ELSF DO
CALL PRINT({A->CARE}}:
CALL PRINT{ (A->CDRF}): END:
END PRINT:S
7 %ok dk e e sde sk 38 vk ok ok sk e e ok o o e 3k e o o ok ok o ok e sde 3k ¥ 3k ok ok ok ol ake ok ok sk ik o ok sl ke ot o ok ok v ok ok
* PROCEDURE WHICH RETUBNS THF CHARACTERS *
* CONTAINED IN THE PNAME FIELD NF THE x
* ATOMCELL SPECIFIEN
9% o ok 2k 3k % ok ok vk ok ok ok ok % *********************#************#/
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REP
/3% 2 e e e o s ek ok o 4 ok s o ot ok s ok e ok ok o ook e e e ok ol sl o ok sk e ok o o e ok ok ot ok sk e sk
* DECLARATION NF THF GLOBAL VARTABLES USED *
* AND NISPLAY O COMMAND REQUESTS TO THF *
* OPERATNR,

********#***************#*************************I

DCL (LI,LZv 3,RP,PP)PTR, STNAME CHAP(“O',IPT CHAR(BO)IVAR,
(TR NC ,T RI ERR +SLD,TRL,DCTIRIT(1),
I.'l.EVf"Rle'?E)':I)('=n RIN:
TDC'T&IyENC1ERR FLD,TBL,DCT='0'A: LEV=0: TBLSIZE=11:

I*#*****#*******************#***#******************

INITIALIZATION OF THE NICTIONARY LIST 'L1¢, *
##*#********#*#*****************##****t**********#/

1F Pé%ré(;;T;: THEN NI SPLAY{'ENTER OPTTONAL PARAMETERS!)
IF IPT ~=_ 11 THEN GET STRING(IPT) DATA(TRC,TRI,FLD,
DCTY: IPT = 1103

BL
CALL INITS

/% 3 ok 2 3 sk e o ok ke ade e e sk ok ok ok ok 3 o s ok sk ok ok o ok ol sk ok ok ol sl o o e of: ok ok o ke ok o ok ok b ok ok
a3k e ok o e e ok e o ok o ofe e 3 ok ok sk ok 2 3k ke ok ok s ok o 3k ke e ek o e dde sk 2 o e ok 3¢ ofe e e ok e ke ofe sk e o
*%x  ROUTINE FOR THE NDERATION OF THE PROGRAM,  *%
e 3 o ek o ok ok e 3k ok ok o ok o e ok s e ok e ok ke e o o ok e o e e ok e e ol ok ol ok o ke ok o ke ok ok e oke ok ke ok
A2 20 ok 3 3 ok sk o ok ofe o ofe o 3k e 3k 2 3 ok 3k sl ok e o e e ok ok ok ok o o ok ddr Ak ake ook dfe ok e ok o ok de ke ok ok /

jola) UHILE('I;R)'

DISPLAY(?

8}3:{23{:E§;ER NAME AND SMC NUMBER! ) R:PLY(STNAME).

IF TR1 THEN DISPLAY('ENTER OPTIONAL PARAMETERS,? ||
VIF NONE THEN RETURN') REDLY({IPT):

IF IPT ~= vt THEN GET STRING(IPT) DATA('RC.ENC,
TRISFLD,TBL,DCT) s IPT = 11 .

IF DCT THEN CALL DEFINC:

ELSE DD
L2=READS:
CALL PRINT(L2):
6§Sézg¢}521,THEN 1F SYMBOL(L2)=*STOP' THEN EXIT:
DISPLAY(! *t***************************'),
DISPLAY( ! 1S £):
DISPLAY(?® *****************************v)-
DISPLAY(!' ')
CALL ATTRA:
DISPLAY(Y 1)
CALL PRINTS(12): END:

IF TBL THEN CALL TABLE(' ** TOPIC NAMES kx ¥}

DISPLAY(Y ')

DISPLAY("®* AT THIS POINT YOUR REQUEST WOULD'{|
' BE PASSED TN THF 13)¢

DISPLAY(! TRANSLATION AND TABLE SFARCH '] |
TROUTINES, *%t)¢

DISPLAY(* '): END:

END LIB_SER:
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/#*********************#***********#***#***#******#
*****************************************#*****#***

*k _ *k
*k TABLE POOGRAM ' *x
*ok k%

********#**#*************#*****#******************#
#**********#************#*************************/

BLE: PROC{PARMS) OPTIONS(MAIN):
DCL CODES FILE STREAM ENVIRONMENT (F(80)):
BCEL (TRC,SWTIRIT(1),(CADE(11),ALFA)CHAR(ZO)
(S DEASIZE yNRKEY,TALST 7€, TYPOP, TBLCODE ) FIXED BIN,
(PARMS, IPTICHAR (2] VAR :
I**********#*#****************#*********”**********
DECLARATION NF A FILE CONTROL BLOCK_FNR *
* USE IN THE READIN NDF THE EXTERNAL FILE, *
*********#***************************#*#**********[
DCL 1 FCR STATIC ,
T2 cOMMAND CHAR(8) 4
5 ETLENAME CHAR(8] INIT('CODES"),
5 FILETYPE CHAR(8) INIT('DATA'"),
5 CARDNUM FIXED RIN,
5 STATUS FIXED RIN

I*********#********************#*******************

* PROGRAM NPERATION *
*********************************ﬁ**#*************/

:BTHEN TRC = '1'B2.
TBLCODE = O:
NRKEY = 13

-
=

S )
S C '0
L = 113
T E = 53
I**********##**#**#*****#***************#********#*‘
: ROUTINE TO READ THE CODES FILE INTO THE :
*
S
M

ARRAY FOR USE DURING THE PROGRAM,
Rk ok dok Rk deokk ok ko ok ok ok ek sk okok ok koo /

o 3ol e ok ok ek e geakoke
DISPLAY('INITIALIZATION OF THE CODE ARRAY'}:
COMMAND = 'RDBUF':
DO I = 1 TO TBLSIZE:
CARONUM = 13
CALL IHEFILE(FCB):
CODE(1) = CARD_BUFFER:
iIf TRC THEN DIZPLAY('CPDE(*1iI(l*) +{ICODE(I)): END:
COMMAND = 'FINIS':
CALL IHEFILE(FCB): ,
DISPLAY('COMPLETION OF INITIALIZATTON')S
I***************#**#**********#*#**#**t************
* ROUTINE WHICH ALLOWS THE CONTINUAL STORE, *
* DELETION, OR RETRIEVAL OF ITEMS FROM THFE *
* ARRAY UNTIL THE OPERATNR IS FINTSHED, *
#****#*#***#*******##*****************#***********I
SWT ='1'83
O WHILS(SWT):
DISPLAY{*ENTER TYPE OF DPERATION: STORE=0,RETRIEVE=1"
jT1*yDELETE==1"*) REPLY(IPT):
TYPOP = IPT:
DISPLAY('TENTER ITEM REQUIRED') REPLY(ALFA)R
IF TRC THEN OISPLAY({'CALL HASHX'):
I********#***#*****#*****##******t**********#*#****

* THE FOLLOWING ARE THE PARAMETERS REQUIRED: *
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NORMALLY ONE

(PRIME NUMRER])
IGURATION CODE
Ao o ok o ook ok R ook kK ko ok ko Rk ks kok kKoK f

eLcA,CODE,DATASIZE,NRK:Y'TYPO°vTRLSTZEv

*AAAZ DO
#PBDLOL >0
oMo o

P-4
m AMeein 00
(X2 X X 2 & X 2

A ook ek oo ok sl ook ok ok ok sk ook o o ok kb ok dokokok e kok ok ok ok ek ook
THE FOLLNWING ARE THE TAHL= Cnnsﬁ WHICH *
RESULT FROM_THE CALL TO HASH *

= QPERATION GU’CESFULLY CCOMPLETED *

1 = TARLE 1S FULL *

: "2 = 1TFM 1S NOT IN THE TARLE *
******#********#***#******t***x******************/

BLE CONE '] |TBLCONE) ¢
1 THEN DISPLAY(TRETRIEVED 1TEM AND CODE:

INISHFD EMTER 0, ELSE 1') R‘PLY(1°T3.

***********#************************
F?L;q WRITE THE APRAY BACK INTO :
****;*#****************************/

m
—
-t al™ -

D o~ -

(1917, TN X TETIFT
©?IO

N

ODEC*IITilY)  *IICODE(I)):

| o=
Meese DO N T Y
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e MDD ~4
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